ABSTRACT Green lacewings are generalist predators whose conservation is important for pest control in olive orchards (Olea europaea L.) Sustainable farming practices, as opposed to conventional management techniques, are believed to foster the presence of natural enemies. This study therefore aims to analyze the effect of 1) herbicidal weed cover removal and insecticide applications, and 2) the general management systems used in the olive orchards of southern Spain on chrysopid assemblages and abundance. Green lacewing adults and larvae were collected from olive orchards under conventional, integrated, and organic management systems. In addition, chemical analyses of residues were carried out to determine the presence of insecticidal and herbicidal residues. Eight adult species and three genera of larvae were identiÞed. No rare species were captured from the most intensively farmed orchard, which therefore recorded the most limited chrysopid diversity with a very marked dominance of Chrysoperla carnea s.l.. No effect of dimethoate treatments on Chrysoperla larvae or C. carnea s.l. adults was observed. However, the presence of insecticide residues was associated with the depletion of Dichochrysa larvae. The absence of herbicide treatments favored C. carnea s.l. adult presence on olive trees while larval abundance decreased. Dichochrysa larvae were more abundant when weed cover received no treatment. In relation to the management systems studied, no difference in Chrysoperla larval abundance was observed between conventional and organic orchards. However, Dichochrysa larvae were more abundant in orchards under organic management.
Although traditional olive production systems (Olea europaea L.) have been regarded as low-intensity farming regimes (Beaufoy et al. 1994) , new olive production methods frequently neglect the environmental aspects of this crop, which usually results in negative effects such as soil erosion, contamination, and biodiversity loss (Ruano et al. 2004 , Gó mez et al. 2009 ). European Union policy, which encourages growers to protect the environment and enhance biodiversity (Common Agricultural Policy 2014 Ð2020), together with an increasing social demand for residuefree olive oil and table olives (Vossen 2007) have led Andalusian authorities to introduce and periodically revise regulations favoring more sustainable management systems for olive orchards.
Integrated and organic olive production regimes are legally deÞned agricultural management systems. The integrated system was pioneered by the Andalusian local authorities (18 July 2002 Order, BOJA No. 88, 27 June 2002 , while organic production is regulated by European Union legislation (Council Regulation [EC] No. 834/2007 834/ , 28 June 2007 . Integrated production deals with pest and weed issues from a sustainable point of view that takes into account all possible options, with particular emphasis on the natural regulation of their populations (Garrido et al. 2009 ). In this context, chemical insecticides are the least favored pest control option and only applicable under certain infestation circumstances when alternative measures prove insufÞcient. Organic agriculture approaches to pest management are very similar, focusing on prevention through cultivation methods and natural regulation of phytophagous insects and weeds. However, under organic management, no chemically synthesized insecticides or herbicides are allowed.
The conservation approach to biological control seeks to enhance the efÞciency of natural enemies by modifying their habitat and rectifying negative pesticide practices (Barbosa 1998 , Jonsson et al. 2008 . Green lacewings have long been recognized to fulÞll most of the criteria required for an effective biological control agent as they prey efÞciently upon a wide range of major pest species, and their activity is compatible with many pest management strategies (Pappas et al. 2011 ). This family of predators has been identiÞed as natural enemies of a number of pests in orchard crops. For example, green lacewing species prey upon Aphis pomi De Geer (Hemiptera: Aphididae) populations in apple orchards (Malus domestica Borkh.); upon the pear psyllid (Cacopsylla spp., Hemiptera: Psyllidae) in pear orchards (Pyrus comunis L.); various aphid species in peach, Prunus persica (L.); and cherry crops (Prunus cerasus L.), mites, and leafhoppers in grapevines (Vitis vinifera L.) and several aphids in citrus crops (Szentkirályi 2001) . In olive orchards, chrysopids are present almost throughout the year and consume several soft-bodied insect pests such as the black scale, Saissetia oleae (Olivier) (Hemiptera: Coccidae), Euphyllura olivina (Costa) (Hemiptera: Psyllidae), and larvae and eggs of Prays oleae (Bernard) (Lepidoptera: Praydidae) (Campos 2001) . However, the most important predatory activity from a biological control perspective occurs in relation to the eggs of the carpophagous generation of P. oleae, which prevents olive fruit fall from happening later in the season (Ramos et al. 1984 , Campos 2001 . Szentkirályi (2001) reviewed green lacewing surveys carried out in different countries and reported the presence of up to 32 different species of chrysopids in Mediterranean olive orchards. The species of the carnea group appeared in all the surveys along with Dichochrysa flavifrons (Brauer). Other species, Dichochrysa prasina (Burmeister), Dichochrysa zelleri (Schneider), and Dichochrysa genei (Rambur), from the same genus were also widespread in Mediterranean olive orchards. Finally, Rexa lordina Navás, detected in the Iberian Peninsula and southern France, has been observed to be highly substrate-speciÞc to olive trees (Campos and Ramos 1983; Monserrat and Marin 1994; Monserrat 2008) . Because of both their potential for pest suppression and their natural occurrence in olive orchards, green lacewings are suitable candidates for conservation biological control programs. Corrales and Campos (2004) investigated the response of C. carnea adults to different management systems. However, little is known about the impact of management systems on C. carnea larval populations and other chrysopid adults and larvae. In addition, there is a lack of knowledge regarding which aspects of management (concrete agricultural practices) determine the response of these predators, which is a key element in understating the effect of agricultural management on natural enemies (Garratt et al. 2011 ). Preliminary observations, based on a single Þeld season and comparing organic and conventional management systems, suggested that agricultural intensiÞca-tion might negatively inßuence chrysopid species diversity in olive orchards (Ruano et al. 2001) . Hence, this study aims to test this hypothesis on a wider temporal and spatial scale, assessing 1) the effect of insecticide usage and the herbicidal removal of weed cover on chrysopid abundance and diversity in olive orchards, and 2) the response of chrysopids to different management systems in relation to the agricultural practices studied.
Materials and Methods
Study Sites. Chrysopids were collected during 1999, 2000, and 2003 in the province of Granada (as deÞned by Spanish government boundaries), one of the largest commercial olive-producing areas in southern Spain. This region is characterized by a very large proportion of olive orchards similar in structure, vegetable crops, and a limited number of patches of nonagricultural land dominated by indigenous shrubland vegetation. The size and number of patches of Mediterranean oak forest land in the region are also limited. In 1999 and 2000, three orchards located Ϸ4 km apart, with identical climatic conditions and at roughly similar altitudes of between 700 and 1,000 m above sea level, were selected on the basis of agricultural intensiÞcation criteria. All three orchards were planted in plots 10 by 10 m apart with ÔPicualÕ olive trees of similar size and age (between 50 and 80 yr old). The Þrst site, under conventional management (hereafter referred to as coefÞcient of variation [CV] ), was treated systematically with insecticide throughout the year against Prays oleae (Bernard), and the olive fruit ßy, Bactrocera oleae (Gmelin). Simazine herbicide treatments were applied twice a year for weed control. The second site (integrated [IT]) had been under an integrated pest management (IPM) system for the previous 15 yr. Pest control followed technical recommendations based on speciÞc thresholds, and, according to the farmer, a single dimethoate treatment was applied during the whole sampling period in June of 2000 against P. oleae. Weeds were controlled using a simazine soil spray in March and optionally in September. The third site was a certiÞed organic orchard (OG) that had been under this type of management for the previous 8 yr. No pest control strategies were used, and the naturally occurring cover was removed by shallow plowing from late May to the beginning of June. In 2003, three orchards per management type (conventional, integrated, and organic), including the orchards sampled in 1999 and 2000, were studied to determine whether the general management system used affected the abundance and diversity of chrysopids. The additional organic orchards received no chemical treatments, and both had natural weed cover. Only one of the integrated orchards sampled in 2003 had managed weed cover.
Collection of Chrysopidae. In 1999 and 2000, samples were taken monthly between March and October. In 2003, the orchards were sampled twice in midMay and mid-June, coinciding with the predatory activity of chrysopids against P. oleae eggs laid on the olive fruit (Campos 2001 ) and the largest difference in arthropod abundance between management systems in olive orchards (Ruano et al. 2004 ). All samples were taken in daytime between 8:00 a.m. and 2:00 p.m. The olive trees were sampled using the beating technique. Branches were shaken Þve times over a 50-cm sweeping net collecting the arthropods dislodged in the process. One branch was sampled randomly per cardinal direction, with up to a total of four branches being sampled per tree. A block consisted of Þve sampled trees 20 m apart situated in the same row (one tree was left unsampled between two consecutive sampled trees). Six blocks per orchard were sampled in 1999, Þve in 2000, and four in 2003, with the aim of reducing the sampling effort although maintaining a sufÞcient degree of accuracy. Blocks were located at a minimum of 500 m apart. The samples were frozen, and the chrysopids, larvae, and adults were separated subsequently from the vegetal and inorganic remains. Adults were identiÞed to species level (except C. carnea s.l.) and larvae to genus level under a stereomicroscope (Stemi SV8; Zeiss, Oberkochen, Germany) with the assistance provided by a chrysopid taxonomy specialist (V. Monserrat) and keys provided by Dṍaz-Aranda et al. (2001) . The several possible species of the cryptic carnea group were classiÞed into a single category hereby referred to as C. carnea s.l.. The problematic and rare species identiÞcations later were conÞrmed later by the chrysopid taxonomy specialist.
Determination of Agrochemical Residues. In 1999 and 2000, on each sampling occasion, olive twigs were collected randomly from six olive trees in each site. Twigs from the same site were pooled and frozen at Ϫ18ЊC for conservation until extraction. Ten soil samples were collected along straight transects 10 m apart. Samples from the same site were pooled and the Þeld-moist soil was stored at 4ЊC until analysis was carried out.
Simazine was extracted from soil samples (Ϸ20 g) by using Soxhlet for 2 h with 75-ml ethyl acetate. The extract was concentrated to 1Ð2 ml in a rotary evaporator at 40ЊC, concentrated to dryness under a gentle stream of nitrogen, and redissolved in 1-ml hexane. Dimethoate was extracted from olive twigs as described in Peñ a et al. (2006) . Pesticide analysis was carried out with a gas chromatograph (Star 3400CX; Varian, Madrid, Spain) provided with a thermionicspeciÞc detector on an HP-5 column. Calibration of the response, assayed using pesticide standards, resulted in R 2 Ͼ 0.99 in all cases. Recovery of simazine from spiked soil (n ϭ 4) was 97.7%.
Statistical Analysis. Generalized additive models (GAMs), with estimations based on a penalized regression spline approach, were used to measure the impact of pesticide and herbicide presence on chrysopid abundance in the data from 1999 and 2000. GAMs were chosen because of their usefulness in modeling trends in time-series data (Benton et al. 2002) . These models assume that the mean of the response variable depends on an additive predictor through a nonlinear link (Hastie and Tibshirani 1990) . This extends the possibilities of the GLMs by allowing for nonlinear relationships between response and explanatory variables as in the case of the relationship between time and insect abundance. To construct the models, adult and larval abundance data for each individual block on a site in each sampling month were used as an experimental unit. Before analysis, the data were checked for temporal autocorrelation using autocorrelation function plots for regularly spaced time series (Zuur et al. 2010 ). Different models were Þt to the abundances of 1) C. carnea s.l. adults, 2) Chrysoperla larvae, and 3) Dichochrysa larvae. The C. carnea s.l. adult model included the following explanatory variables: 1) insecticide presenceÐabsence, 2) herbicide presenceÐabsence, 3) site, 4) month, 5) year, and signiÞcant second-order interactions between parameters. In addition to these variables, the two models for larvae included 6) same genus adult abundance, and 7) the abundance of other genera of larvae as explanatory variables for testing the inßu-ence of adult presence on sampled larval abundance and possible interspeciÞc competition effects. The response to the month variable was modeled as a smooth function using cross-validation to automatically estimate the amount of smoothing (Wood 2006) . The three models assume a similar pattern of seasonal abundance in both 1999 and 2000.
Models were selected by combining forward and backward selection based on Akaike Information Criteria (Zuur et al. 2007 ). Both Chrysoperla (adults and larvae) models were constructed using negative binomial error distribution because of overdispersion. The Dichochrysa larvae model was constructed using a Poisson distribution and was corrected by applying a quasi-Poisson model. Adult individuals of species belonging to the Rexa, Chrysopa and Dichochrysa genera and larvae of the Rexa genus were not sufÞciently abundant to permit an adequate model to be constructed and therefore were not tested (Table 1) .
In addition, the Principal Component Analysis (PCA) ordination technique was applied to adult species and larval genera captures in 1999 and 2000 to graphically represent multivariate patterns in chrysopid assemblages across sites and years and the association of sites and species. Before the analysis was carried out, the data were checked for linear response (Lepš and Š milauer 2003) , centered, and ͌x transformed to down-weight the effect of abundant species. PCA was based on the covariance matrix (scaling 1). The diversity of chrysopid adult species over the entire sampling period was calculated using ShannonÕs index and the Dominace index using EcoSim 7.71. Adult individuals sampled during 1999 and 2000 were pooled as only three species were observed in 1999, possibly because of the small overall number of adult captures compared with 2000 (Table 1 ).
The abundance of Chrysoperla and Dichochrysa larvae captured in 2003 was analyzed using a generalized linear mixed model (GLMM) with a Poisson error distribution corrected by using a quasi-Poisson model (R software 2.1.2, package MASS). Management system (conventional, integrated, and organic) and month were used as explanatory variables. Site was established as a random effect because of the large number of different orchards sampled. Adult individuals captured in 2003 were insufÞcient to construct an appropriate model and therefore were not tested (Table 1). Multivariate PCA based on the covariance matrix was carried out using adult species and larval genera captured in 2003 to assess dissimilarity in asFebruary 2013semblages as a result of the different management systems used. Data were checked and transformed as described above, and one-way multivariate analysis of variance (MANOVA) was then carried out, with management system as a Þxed factor and Þrst and second axis PCA scores as dependent variables, to determine if management system separations were statistically signiÞcant. TukeyÕs HSD post hoc test was used for pairwise comparison of management systems. Before analysis, the data were tested for MANOVA assumptions using the energy test of multivariate normality (R software 2.1.2, package Energy) and BoxÕs test of equality of covariance matrices using SPSS Statistics 17 for Windows (SPSS Statistics 2008).
Results
Chrysopid Diversity. In total, 758 green lacewing larvae and 531 adults were collected during the sampling periods of 1999 , 2000 , and 2003 . Years 1999 -2000 . Larvae from three genera and eight adult chrysopid species were captured between March and October ( Table 1) . The larvae genera identiÞed were Chrysoperla, Dichochrysa, and Rexa. Chrysoperla was the most abundant genus in all three sites. It was the only genus present in site CV, the most abundant in site IT (81.3%) and accounted for more than half of the total chrysopid larvae captured in site OG (56.6%). Dichochrysa was considerably more abundant in OG (43.4%) than in IT (12.1%) and was not captured in CV. Rexa was exclusively present in IT although in small numbers (6.0%).
Three species, C. carnea s.l., D. prasina, and D. genei, of chrysopid adults totaling 111 individuals were observed in 1999, with C. carnea s.l. being the most abundant species (Table 1) . However, the largest number of species was observed in 2000, when eight different green lacewing species with a total of 390 individuals were identiÞed. Overall, C. carnea s.l. was the most abundant species, followed by D. prasina, whereas very small numbers of the other species were captured (Table 1) . Rexa lordina adults, as in the case of larvae, and D. genei were only present in site IT (Fig.  1) . The species Chrysopa viridiana Schneider, D. flavifrons, and Dichochrysa picteti (McLachlan) were captured exclusively in site OG. Thus, rare or casual species, according to the classiÞcation given in Canard et al. (2007) , were found only in sites IT and OG (Fig. 1) .
The olive orchard with the highest level of diversity was site OG, which was also the richest in terms of chrysopid species and presented the lowest dominance (Table 2) . However, only one individual not belonging to C. carnea s.l. was collected in site CV during the 2-yr period, which was thus the least diverse and showed extreme C. carnea s.l. dominance. Several species were captured in site IT, where, however, C. carnea s.l. was very abundant, increasing the siteÕs dominance and consequently reducing the biodiversity value.
Year 2003. In May and June of 2003, total captures of larvae from two genera (Chrysoperla and Dichochrysa) reached 153 (Table 1 ). Only two species of adults were identiÞed, with a total of 27 green lacewings being captured.
Temporal Distribution. Years 1999 Years -2000 . The collection of adults and larvae began to be effective from the month of May. As modeled by the GAMs, seasonal abundance of C. carnea s.l. adults and Chrysoperla and Dichochrysa larvae recorded signiÞcant changes from May to October (Table 3 ). The adult abundance of C. carnea s.l. showed an upward trend throughout the sampling period and peaked in June and October (Fig.  2D ). Higher capture rates were recorded in 2000 (Table 3), especially in the month of September (Fig. 2A) . Chrysoperla larvae recorded abundance maxima in June and at the end of August (Fig. 2E ). In addition, although adult abundance levels differed in 1999 and 2000, no interannual variation was observed in the case of larvae (Fig. 2B) . Dichochrysa larvae were signiÞ-cantly more abundant in 1999 (Fig. 2C ) and increased from May onwards, reaching a single peak in August (Fig. 2 F) . Dichochrysa larvae presence showed a signiÞcant positive correlation with Dichochrysa adult abundance (estimate ϭ 0.692, Table 3 ). Although this correlation also was observed in the case of Chrysoperla larvae and C. carnea s.l. adults, the relationship was much weaker. Neither of the two larvae models showed a statistical relationship between Dichochrysa and Chrysoperla larval presence ( 2 test, P Ͼ 0.05).
Adult individuals of the Dichochrysa genus showed no clear distribution pattern, possibly because of the low capture rate. Chrysopa spp. adults were exclusively present in June and July, whereas R. lordina larvae and adults appeared in both years only during the months of May and June.
Year 2003. Individuals from the two genera of larvae identiÞed (Chrysoperla and Dichochrysa) were more abundant in mid-June than in mid-May (Fig. 3) (GLMM, t ϭ Ϫ4.96, df ϭ 62, P Ͻ 0.001 and t ϭ Ϫ3.85, df ϭ 62, P Ͻ 0.001, respectively). This Þnding is in line with the results for seasonal abundance trends obtained in 1999 and 2000 ( Fig. 2E and F) .
Insecticide Application and Herbicidal Weed Removal. Chemical residues conÞrmed the application of dimethoate insecticide and simazine herbicide in sites CV and IT during 1999 and 2000. CV presented dimethoate residues in May and June 1999 because of a single application carried out in that year. In 2000, however, pesticide residue was present every month from May to October, and two applications were detected during this period in June and October. In site IT, a single pesticide treatment in July 2000 was recorded during the whole sampling period. With respect to weed control, two herbicide treatments were carried out systematically in 1999 and 2000 in site CV Ruano et al. (2004) . No effect of insecticide treatments on C. carnea s.l. adult abundance was observed in years 1999 and 2000 as this variable was not signiÞcant and was therefore excluded from the Þnal model ( 2 test, P Ͼ 0.05) (Table 3) . However, simazine herbicidal treatments negatively affected the presence of common green lacewing adults (Fig. 4A) , with a considerably higher capture rate being recorded when herbicide residues were not present. In this regard, it is important to mention that massive numbers of C. carnea s.l. adults were captured in site IT during September (35.80 Ϯ 25.49 captures per block, mean Ϯ SD) and October (17.00 Ϯ 5.34 captures per block) in 2000, coinciding with a period when, as stated previously, no weed control treatment was carried out in this site. IT also was observed to have a higher abundance level of C. carnea s.l. adults as compared with sites CV and OG, which cannot be explained by the other variables used in the model (Table 3) . Chrysoperla larvae abundance, as in the case of C. carnea s.l. adults, did not respond to the presence of insecticide residue. In herbicidetreated orchards, larvae, unlike adults, were more abundant (Fig. 4B) . Chrysoperla larvae showed a higher rate of natural abundance in site CV as compared with the other two sites. No signiÞcant differences were observed between sites IT and OG. Her- Table 3. bicide and insecticide treatments signiÞcantly inßuenced the presence of Dichochrysa larvae in the three orchards sampled during 1999 and 2000 (Table  3 and Fig. 4C ). Dichochrysa larvae abundance was lower in sites and months with a detectable presence of insecticide and herbicide. As the GAM identiÞed these factors as the main explanatory variables, the site variable, despite the differences in abundance, was not signiÞcant in the model. Management System. In 2003, Chrysoperla larvae showed the highest level of abundance in June and May in organically managed orchards (Fig. 3A) . However, no difference was observed between organic and conventional farms (GLMM; t ϭ 1.10, df ϭ 6, P ϭ 0.31). The number of captures registered in integrated orchards was signiÞcantly lower than those registered in conventional (GLMM; t ϭ Ϫ2.56, df ϭ 6, P ϭ 0.043) and organic management systems (GLMM; t ϭ Ϫ3.43, df ϭ 6, P ϭ 0.014). As with Chrysoperla, the abundance of Dichochrysa larvae showed the highest levels in organic orchards and differed signiÞcantly from those registered in conventionally managed farms (GLMM; t ϭ 2.86, df ϭ 6, P ϭ 0.029). Dichochrysa larvae abundance in integrated orchards was not signiÞcantly different from levels in conventionally managed (GLMM; t ϭ Ϫ1.91, df ϭ 6, P ϭ 0.105) and organic orchards (GLMM; t ϭ 1.21, df ϭ 6, P ϭ 0.271) (Fig. 3B) .
The PCA ordination biplot, which included larvae genera and adult species captured in the nine sites during 2003, accounted for 98.1% of the total variance (Fig. 5) . The plot clearly differentiated between assemblages from conventionally managed orchards and the other management systems, and overall, MANOVA showed statistically signiÞcant differences in PC scores (MANOVA; F ϭ 4.51; df ϭ 4, 12; P ϭ 0.019). These differences were observed speciÞcally along PC 2 (ANOVA; F ϭ 7.75; df ϭ 2, 6; P ϭ 0.022), (Table  3) . Bars with different symbols indicate statistically signiÞcant differences (P Ͻ 0.05). where conventional orchard scores differed signiÞ-cantly from those for organic orchards (TukeyÕs HSD, P Ͻ 0.05). These differences observed along PC 2 are mainly because of the high loading rates of Dichochrysa larvae (Fig. 5) . No signiÞcant differences were observed along PC 2 between integrated orchards and the other management systems (TukeyÕs HSD, P Ͼ 0.05). Orchard scores along PC 1 with a high loading rate of Chrysoperla larvae did not differ (ANOVA; F ϭ 2.77; df ϭ 2, 6; P ϭ 0.141).
Discussion
Chrysopids as a group generally have been regarded as relatively resistant to insecticide applications (Pappas et al. 2011) . In olive trees at Þeld level, Santos et al. (2007) observed that neither adult nor larval abundances were signiÞcantly affected by a single dimethoate application and reported that this Þnding might be related to the known resistance of C. carnea s.l. to insecticidal compounds. Various studies have highlighted the ability of C. carnea s.l. to show a detoxifying response to insecticides as adults (Mulligan et al. 2010) and larvae (Ishaaya and Casida 1981) as a result of increased levels of nonspeciÞc esterases. Our results regarding C. carnea s.l. abundance in relation to insecticide presence conÞrm that insecticide applications have little effect on the larval and adult stages of this species. However, our Þndings suggest that species of the Chrysopidae family may differ signiÞcantly in their response to insecticides as Dichochrysa species suffered a severe population reduction because of dimethoate treatments. Most of the extensive laboratory research on pesticide side effects actually has focused on C. carnea s.l. (Vogt et al. 2001) and, more recently, on other species of the Chrysoperla genus (Chen and Liu 2002, Bueno and Freitas 2004) . However, to date, there is no information available on the compatibility of pesticide use with other chrysopid species of economic importance such as D. prasina, and, according to our Þndings, the results of toxicity studies carried out on C. carnea s.l. cannot be extrapolated to closely related genera.
Life history factors may also to some extent underlie the differential effect of insecticidal treatments observed between genera. Agriculturally specialist species of the carnea group have been observed to carry out obligatory migration ßights, thus ensuring wide dispersion that improves their capacity to locate food resources for both themselves and their offspring (Duelli 1980 (Duelli , 2001 . This behavioral trait might also facilitate rapid recolonization of crop Þelds, thus compensating for the reduction in C. carnea s.l. populations whose numbers might have decreased locally because of insecticide spraying. Although it is suspected that this behavior is common to other crop specialist green lacewings (Duelli 2001) , up to now it has not been observed in any other Chrysopidae genera. Moreover, the use of insecticide may decrease the availability of certain prey species affecting adult attraction to the tree and larval presence and survival of less generalist chrysopids. In this regard, the presence of the substrate-speciÞc species R. lordina has been linked to the presence of the olive psyllid (Canard and Labrique 1989) .
Dichochrysa larval populations also were affected by weed cover treatments applied to the soil. Unfortunately, although no models for the different species of adults could be constructed, the positive relationship observed with Dichochrysa larvae suggests that one or more species of the genus may be inßuenced by the presence of natural weed cover. In addition, a very small number of Dichochrysa spp. adults was captured as compared with the number of larvae, indicating that most of the adults were not present in the olive trees at the time of sampling and may have preferred nearby vegetal substrates instead. Weed cover presence was found to positively inßuence the presence of C. carnea s.l. adults that were considerably more abundant when cover was not removed. The presence of pollen and nectar-rich ßowers that provide the nutrients required by the common green lacewing (Villenave et al. 2006) may have exerted an attraction effect that contributes to the establishment of adults in the area. Legume ground cover was found to increase the presence of Chrysoperla rubilabris (Burmeister), a species of the carnea group, as compared with grass cover in pecan (Carya illinoinensis [Wangenh.] K. Koch) orchards (Smith et al. 1996 ). Similarly, a higher level of lacewing abundance was recorded in ßower strip areas sown between apple trees (Wyss 1996) . It is important to mention that restricting the sampling effort to the olive canopy might have resulted in an underestimation of chrysopids diversity and abundance in orchards where vegetation cover was present.
However, larvae abundance did not respond in the same way despite the positive relationship observed between Chrysoperla larvae and C. carnea s.l. adults. Although the reason for this is unknown, it could be because of the existing plant resources being used by a fourth trophic level. This may contribute to an increase in the Þtness of one or more chrysopid natural enemies, such as parasitoids, which are known to be population-limiting factors for green lacewings in olive orchards (Campos 2001) . In this sense, the provision of buckwheat (Fagopyrum esculentum Moench) as a plant resource is believed, under certain circumstances, to cause a decline in the abundance of brown lacewing larvae by facilitating higher parasitism rates (Jonsson et al. 2009 , Jacometti et al. 2010 . In 2003, the largest amount of Chrysoperla larvae was collected from organically managed olive orchards, all of which had weed cover. This is inconsistent with the results obtained for the 1999 Ð2000 period, thus corroborating the hypothesis that the negative effect may be mediated by indirect factors that may not always be present.
The results obtained in 2003 for Dichochrysa larvae under different management systems are highly consistent with their vulnerability to dimethoate applications and the positive effect of managed weed cover detected in years 1999 and 2000. The differences observed between management systems are therefore clearly related to the combination of insecticide use and lack of weed cover. No relationship between management and biodiversity could be established in 2003 because the sampling period lasted for only 2 mo and the number of adults captured was very low. However, rare species captures and biodiversity indices for the three orchards sampled in 1999 Ð2000 suggest a negative correlation with agricultural intensiÞcation that could not be tested statistically because of the limited number of individuals observed. The limited presence of Dichochrysa larvae in conventional orchards during the 3 yr of the study may also support this hypothesis, as Dichochrysa spp. account for 13 out of the total of 31 species of chrysopids identiÞed in olive orchards worldwide (Szentkirályi 2001) . This reduction in chrysopid diversity also has been documented by Corrales and Campos (2004) , who sampled C. carnea s.l. adults from the same sites by using McPhail traps (Sanidad Agrṍcola ECONEX S.L., Murcia, Spain) and observed very high dominance levels for C. carnea s.l. in site CV as compared with sites IT and OG. Our results show that the agricultural practices considered in this study depleted the presence of green lacewing larvae of the Dichochrysa genus, which are potentially important in terms of numbers and species diversity in olive orchards. This reduction in chrysopid predators may translate into decreased biological control in orchards under intensive management, as has been observed in the past in relation to predatory activity against P. oleae (Ramos et al. 1978) . Assuming that chrysopids are functionally redundant species, the depletion of some species in the chrysopid community could lead to density compensation by Chrysoperla spp., and pest suppression capacity might therefore not be affected (Straub et al. 2008 ). Resistant C. carnea s.l. populations have been observed to possess great predatory potential (Pathan et al. 2010) . However, Szentkirályi (2001) , after reviewing the temporal distribution of chrysopid species and their coincidence with possible prey in olive orchards in different Mediterranean countries, suggested that the Chrysoperla and Dichochrysa species show a certain degree of prey preference. If this functional complementarity exists, chrysopid diversity would make a positive contribution to biological control in olive orchards. Nevertheless, intensive agricultural practices in olive orchards clearly appear to have a negative impact on rare chrysopid species conservation, as in the case of R. lordina, which is particularly associated with olive orchards (Monserrat 2008) .
